The epidemiology of new acquisition of antibiotic-resistant organisms (AROs) in community-based skilled nursing facilities (SNFs) is not well studied. To define the incidence, persistence of, and time to new colonization with methicillin-resistant Staphylococcus aureus (MRSA), vancomycin-resistant enterococci (VRE), and ceftazidime-resistant (CAZ r ) and ciprofloxacin-resistant (CIP r ) Gram-negative bacteria (GNB) in SNFs, SNF residents were enrolled and specimens from the nares, oropharynx, groin, perianal area, and wounds were prospectively cultured monthly. Standard microbiological tests were used to identify MRSA, VRE, and CAZ r and CIP r GNB. Residents with at least 3 months of follow-up were included in the analysis. Colonized residents were categorized as having either preexisting or new acquisition. The time to colonization for new acquisition of AROs was calculated. Eighty-two residents met the eligibility criteria. T he prevalence of antibiotic-resistant organisms (AROs), such as methicillin-resistant Staphylococcus aureus (MRSA), vancomycin-resistant Enterococcus spp. (VRE), and resistant Gram-negative bacteria (GNB) has been well studied (4, 11, 18, 28, 30) . It is estimated that one-third of the 1.6 million skilled nursing facility (SNF) residents in the United States are colonized with at least one ARO. MRSA is the most common ARO studied, and cross-sectional point prevalence studies in SNFs show a wide range of colonization rates, with 10 to 50% of residents being colonized with MRSA (20, 22, 26, 31, 33) . Multidrug-resistant (MDR) Gramnegative bacteria have been found to colonize over 20% of residents of long-term care facilities (23), while prevalence rates for VRE are found to be lower at 4 to 9.6% (2, 3, 26). The presence of indwelling devices, functional impairment, prior hospitalization, and antimicrobial usage are all considered to increase the risk of multiple ARO colonization (7, 12, 20, 32, 35, 36) .
The epidemiology of new acquisition of antibiotic-resistant organisms (AROs) in community-based skilled nursing facilities (SNFs) is not well studied. To define the incidence, persistence of, and time to new colonization with methicillin-resistant Staphylococcus aureus (MRSA), vancomycin-resistant enterococci (VRE), and ceftazidime-resistant (CAZ r ) and ciprofloxacin-resistant (CIP r ) Gram-negative bacteria (GNB) in SNFs, SNF residents were enrolled and specimens from the nares, oropharynx, groin, perianal area, and wounds were prospectively cultured monthly. Standard microbiological tests were used to identify MRSA, VRE, and CAZ r and CIP r GNB. Residents with at least 3 months of follow-up were included in the analysis. Colonized residents were categorized as having either preexisting or new acquisition. The time to colonization for new acquisition of AROs was calculated. Eighty-two residents met the eligibility criteria. New acquisition of AROs was common. For example, of the 59 residents colonized with CIP r GNB, 28 (47%) were colonized with CIP r GNB at the start of the study (96% persistent and 4% intermittent), and 31 (53%) acquired CIP r GNB at the facility (61% persistent). The time to new acquisition was shortest for CIP r GNB, at a mean of 75. T he prevalence of antibiotic-resistant organisms (AROs), such as methicillin-resistant Staphylococcus aureus (MRSA), vancomycin-resistant Enterococcus spp. (VRE), and resistant Gram-negative bacteria (GNB) has been well studied (4, 11, 18, 28, 30) . It is estimated that one-third of the 1.6 million skilled nursing facility (SNF) residents in the United States are colonized with at least one ARO. MRSA is the most common ARO studied, and cross-sectional point prevalence studies in SNFs show a wide range of colonization rates, with 10 to 50% of residents being colonized with MRSA (20, 22, 26, 31, 33) . Multidrug-resistant (MDR) Gramnegative bacteria have been found to colonize over 20% of residents of long-term care facilities (23), while prevalence rates for VRE are found to be lower at 4 to 9.6% (2, 3, 26) . The presence of indwelling devices, functional impairment, prior hospitalization, and antimicrobial usage are all considered to increase the risk of multiple ARO colonization (7, 12, 20, 32, 35, 36) .
In contrast to the large quantity of cross-sectional data available, there are limited prospective studies that document new acquisition rates in SNFs. In one prospective study by Bradley et al. (5) , specimens from multiple body sites were cultured monthly for a year, and it was found that 25% of SNF veterans were colonized with MRSA upon initial culturing. Over the course of the year of study, 10% of admitted residents newly acquired MRSA at the facility. Another study by Stone et al. (29) found a 48% prevalence of MRSA on weekly cultures obtained over an 8-week period in a long-term care facility. Only 29% of newly admitted residents were colonized on their initial culture, indicating a relatively large number of new acquisitions at the facility. A recent prospective study documented that 39% of long-term care residents acquired at least 1 MDR Gram-negative organism during a 1-year sampling period (24) . Other short-term prospective studies documented new acquisition of ceftazidime-resistant (CAZ r ) GNB in 22 of 86 (25.6%) colonized surgical intensive care unit patients during their stay over the 5-month study period (10) and new acquisition of VRE in 6 of 32 (19%) chronic hemodialysis patients for whom cultures were obtained every 5 days until discharge (9) . A more recent prospective study with hemodialysis patients found that 22 (40%) of the 55 who had follow-up cultures acquired a new ARO, with totals of 20, 15, and 13% of patients acquiring MDR GNB, VRE, and MRSA, respectively (27) . The main objective of this prospective study was to further characterize new acquisition of multiple AROs in communitybased SNFs, with a focus on defining the time to acquisition and persistence of colonization. To define the dynamics of new ARO acquisition in residents of SNFs more precisely, residents were followed for a period of at least 90 days and up to 1 year.
MATERIALS AND METHODS
Study design and population. We conducted a large prospective microbial study involving 15 SNFs located in the southeast region of Michigan. The goal of this parent study was to define the attributable fraction of device-associated infections and ARO colonization. The project was approved by the University of Michigan and Veterans Affairs Ann Arbor Healthcare System Institutional Review Boards. Any resident with an indwelling device and a randomly selected control were considered to be eligible for this study. Of 483 eligible residents, 178 (37%) were enrolled in the parent study. The main reasons for nonenrollment were refusal to give informed consent by the residents (23%) or their family or legal guardian (32%), inability to contact family or legal guardian (21%), and discharge from the facility or device discontinuation (23%). We obtained written informed consent from all enrolled residents or from the individual holding a durable power of attorney. Each resident was enrolled for up to 1 year, and monthly cultures were obtained. Clinical and demographic data were obtained by chart review.
Of the 178 patients enrolled in the parent study, 90 residents had an indwelling device (a urinary catheter, feeding tube, or both) and 88 residents did not. In order to achieve our stated objective in this substudy of defining new acquisition in residents who stay in a facility long-term, we included only residents who had a minimum of 90 days of follow-up. Eighty two residents (46%) from 12 SNFs qualified for this analysis, including 21 residents (25.6%) with an indwelling device.
Baseline demographic and clinical data. Baseline information was obtained from the resident's chart, such as age, weight, gender, presence of an indwelling device, Charlson's comorbidity score, functional status, hospitalization, antibiotic usage, and duration of residence at the facility. At each subsequent visit, information on hospitalization and antibiotic usage was gathered. The Lawton and Brody Physical Self Maintenance Scale (PSMS) was used to assess functional status (15) , and mean values for Charlson's comorbidity score were calculated to assess comorbidity (6) . Residents were considered hospitalized if they stayed at the hospital for at least one night. The use of any antibiotic was included in quantifying antibiotic usage.
Microbiological methods. Cultures were obtained from the nares, oropharynx, groin, and perianal area during each monthly visit. If present, specimens from wounds and skin around feeding tube or suprapubic catheter sites were also cultured using Culturette swabs (Becton Dickinson Inc., Sparks, MD). Standard microbiological methods were used to identify positive colonization with Staphylococcus aureus, vancomycinresistant Enterococcus spp. (VRE), and GNB. S. aureus isolates were further tested for methicillin resistance using oxacillin screening plates, and GNB isolates were tested for both ceftazidime and ciprofloxacin resistance by disc diffusion (Sensi-Disc; BD BBL, Sparks, MD). Strains that showed intermediate sensitivity to CIP or CAZ were considered to be resistant.
Definitions of preexisting colonization, new acquisition, intermittent colonization, and persistent colonization. Colonized residents were divided into two categories: those with a resistant organism present at the start of the study, or having "preexisting colonization," and those with a resistant organism acquired at the facility during the time of the study, or having "new acquisition." Adhering to the Society for Healthcare Epidemiology of America recommendation for measuring AROs (8), residents with new ARO acquisitions were those with no positive culture for that organism recovered on the first visit (day 0) followed by a positive culture on any subsequent visit. Each type of ARO was evaluated independently for new acquisition. For example, a resident with preexisting MRSA could have a new acquisition of ciprofloxacin resistance (CIP r ) during the study period.
For each category, the status of the colonization was defined as either persistent or intermittent carriage. Definitions for persistent and intermittent carriage vary widely in the literature (14, 16, 21, 23, 25, 34) . We used the definitions established by Muder et al. (21) , as these were the most appropriate for prospective studies in the SNF setting. Under this definition, an intermittent carriage is defined as two or more negative cultures after a single positive culture for any of the organisms, whereas persistence is defined as two or more positive cultures separated by fewer than two negative cultures. If there was no culture taken after a single positive culture, it was conservatively classified as an intermittent colonization.
The time to acquisition was calculated for each new acquisition, measured by the visit day that the organism was first identified in culturing samples.
Statistical analysis. Colonization rates were calculated by estimating the percentage of residents who were colonized with the organism at any anatomic site at any time in the study. Student t tests were performed to analyze differences in mean functional status and Charlson's comorbidity score. Residents who newly acquired an organism were considered to have prior hospitalization or antibiotic usage if these events occurred at any time before the first identification of colonization. To be conservative, noncolonized residents were considered to have prior hospitalization or to have taken antibiotics if these events occurred at any point during the study. Residents with a preexisting colonization were considered to have prior hospitalization or antibiotic usage if these events occurred within 30 days prior to the start of the study. For hospitalization and antibiotic usage, chi-square tests were performed to compare the probabilities between colonized and noncolonized residents. Statistical analysis was performed using STATA 10, and P values of Յ0.05 were considered significant. We also compared residents who newly acquired any ARO with residents not colonized with any ARO at any point, using a multivariate logistic regression model to assess the risk factors leading to new acquisition. Risk factors included in the analysis were functional status, Charlson's comorbidity score, prior hospitalization, and antibiotic usage. Residents with a preexisting colonization who did not acquire any other new ARO during the study period were excluded from the multivariate analysis.
RESULTS

Demographics.
The demographics of the subpopulation used for analysis are shown in Table 1 , by groups with and without indwelling devices. Indwelling devices were present in 26% of the population with at least 90 days of follow-up (total population, n ϭ 82). Residents with indwelling devices were younger, had more co- morbidities, were more functionally dependent, and had a shorter follow-up period than residents without them. Colonization with antibiotic-resistant organisms. Overall, CIP r GNB were the most prevalent ARO, colonizing 59 of 82 residents in this study (72%) (Fig. 1) . A significant proportion, 31 of 59 (53%) residents colonized, newly acquired the organism at the facility. Of these new acquisitions, 19 (61%) remained persistently colonized on subsequent cultures. Of the 28 (47%) residents with preexisting colonization, 27 (96%) remained colonized at subsequent visits. Escherichia coli and Proteus mirabilis were the two most common CIP r GNB persistently colonizing residents, often cocolonizing the same resident (Table 2) .
MRSA colonized 52 residents (63%), 32 of whom (62%) newly acquired the organism at the facility, with equal numbers of residents being colonized persistently or intermittently. Of those with preexisting colonization, most (17 [85%] ) remained colonized at subsequent visits. CAZ r GNB had a lower prevalence, colonizing 21 residents (26%). A majority of colonization with CAZ r GNB (15 [71%]) was newly acquired at the facility, with 2 (13%) residents being persistently colonized. VRE were the least prevalent of all the AROs, colonizing only 15 residents (18%). Ten residents newly acquired VRE (67%), 2 of whom (20%) were colonized persistently. In the group with devices, MRSA was the most prevalent ARO, colonizing 18 (85.7%) residents with devices at any time during the study (Fig. 2B) . Due to higher rates of preexisting colonization, residents with indwelling devices had lower rates of new ARO acquisition. In contrast, the majority of colonized residents without devices newly acquired the ARO during the study period ( Fig. 2A) . As expected, groin and perirectal areas gave the highest yield to identify new colonization with both CIP r and CAZ r GNB (Table 3) . Time to new acquisition of ARO. Average time to new acquisition in all residents was the shortest for CIP r GNB, at 75.5 days (standard deviation [SD], Ϯ65.7) ( Table 4 ). The time to new acquisition for MRSA was 126.6 days (Ϯ79.1), which was significantly longer than that for CIP r GNB (P ϭ 0.007). CAZ r GNB and VRE also had significantly longer average times to new acquisition, at 176.0 days (Ϯ 94.1; P ϭ 0.0004 versus CIP r GNB) and 186.0 days (Ϯ108.4; P ϭ 0.0001 versus CIP r GNB). In residents with devices, the times to new acquisition for both MRSA and CIP r GNB (75.0 and 80.0 days, respectively) were shorter than those for CAZ r GNB or VRE (135.0 and 225.0 days, respectively). Residents with devices acquired MRSA more rapidly than those without devices (Table 4) (P ϭ 0.03). In residents without devices, CIP r GNB had the shortest mean time to new acqui-
FIG 2 The total numbers of residents in the groups without (A) and with (B)
indwelling devices are displayed in the largest, leftmost boxes, followed by the numbers and percentages of those residents colonized with the antibioticresistant organism. To the right of these boxes, the numbers of the colonizing organisms that were newly acquired are indicated, along with the corresponding percentage. MRSA, methicillin-resistant Staphylococcus aureus; VRE, vancomycin-resistant enterococci; CAZ r GNB, ceftazidime-resistant Gram-negative bacillus; CIP r , ciprofloxacin-resistant Gram-negative bacillus. a For each group, n is the total number of anatomic sites colonized in that group. Data represent the percentage of colonization at that anatomic site out of the total number of anatomic sites colonized for that group. For the group with a device, there were 52 sites colonized in 17 residents (out of 21; 4 were not colonized) with a total of 134 follow-up months. For the group without a device, there were 85 sites colonized in 44 residents (out of 61; 17 not colonized) with a total of 396 follow-up months. CIP r and CAZ r GNB, GNB resistant to both classes of antibiotics. Cocolonized, two or more classes of resistant GNB identified at the same site (i.e., CAZ r GNB and CIP r GNB). Risk factors for new acquisition of ARO. We compared residents who newly acquired any ARO (n ϭ 57 [70.0%]) with residents who were not colonized with any ARO at any point (n ϭ 11 [13.4%] ). Residents with a preexisting colonization who did not acquire any other new AROs were excluded (Table 5) . Compared with noncolonized residents, colonized residents with a new acquisition were more functionally dependent (mean PSMS ϭ 20.9 versus 15.9). This was the only significant risk factor identified using a multivariate logistic regression model (odds ratio [OR], 1.24; 95% confidence interval [CI], 1.05 to 1.46; P ϭ 0.01). Prior hospitalization, antibiotic usage, Charlson's comorbidity score, and device use were not statistically significant.
DISCUSSION
In this prospective study, we showed that ARO colonization rates have increased considerably in recent years and that new acquisition of AROs is common. The proportion of residents with a new acquisition exceeded the proportion of residents who were colonized at the start of the study, for all AROs. Residents with an indwelling device had higher rates of preexisting colonization. In contrast, residents without devices had a higher percentage of new acquisition than those without devices. CIP r GNB were the most prevalent ARO, colonizing 72% of residents during the study period. An earlier study, published in 1998, on CIP r in an SNF found low colonization rates, with a mean prevalence of 2.6% (17) . Since then, there appears to have been a rapid rise in colonization with CIP r GNB. The time to new acquisition for all residents was shortest for CIP r GNB, at 75.5 days, suggesting a relatively rapid acquisition of CIP r . CIP r E. coli and P. mirabilis seem to be of particular concern, as they were found to colonize residents persistently over long periods of time. We chose to test all GNB separately for ciprofloxacin and ceftazidime resistance in order to understand the magnitude of resistant GNB. These antimicrobials were chosen to reflect prescribing practices in the SNF setting, in which fluoroquinolone and cephalosporin use is common (3). Our results suggest that resistant GNB are a major concern in SNFs and should prompt reevaluation of empirical treatment for common infections.
We also evaluated the roles of various risk factors in the acquisition of ARO colonization. As expected, residents with indwelling devices had greater ARO colonization rates. They also had a shorter time to new acquisition of MRSA, which to our knowledge has not been previously reported. Impaired functional status is also a risk factor for MRSA colonization and infections (1, 5, 7) . Our findings confirm this, demonstrating that residents who newly acquired an ARO were more functionally impaired than those residents who were not colonized. It can be hypothesized that residents with impaired functional status require more assistance in activities of daily living, therefore increasing the likelihood of transmission. Hospitalization is also correlated to an increased risk of colonization and infection with AROs in SNFs (2, 13, 35, 36) , although this was not significant, possibly due to our sample size. Antibiotic usage was frequent and was not correlated to colonization or new acquisition of AROs. Further efforts should be made to investigate the link between antibiotic usage and acquisition of AROs.
A major strength of our study is that we prospectively cultured specimens from multiple anatomic sites of residents for extended periods of time. As a result, we have been able to perform a more comprehensive assessment of new ARO acquisition and thereby ARO transmission in SNF residents. Rates of prevalence of ARO colonization have been extensively described, but the studies have often been performed at a single SNF, used clinical cultures, or described colonization at a single anatomic site (2, 16, 23, 24) . It is increasingly recognized that colonization at multiple anatomic sites is common (19) , and therefore the multisite sampling may account for the higher rates of colonization.
A limitation of our study is that new acquisition of AROs in SNFs may have been underestimated due to the fact that we did not enroll solely new admissions to the facility. Therefore, baseline colonization could represent undetected acquisition at the facility before enrollment for some residents. New acquisition may also have been overestimated, as it is possible that residents had a preexisting colonization that was not found on the initial culture. However, with a mean time to acquisition of between 70 and 150 days, multiple repeated negative cultures were obtained; therefore, it is likely that true new ARO acquisition was indeed frequent. New acquisition found after a hospitalization during the follow-up period could reflect ARO acquisition from the hospital or the SNF. Molecular typing of ARO strains was not performed. It is thus impossible to identify whether the newly acquired organisms were acquired due to horizontal transmission or to a change in the resident's endogenous flora as a result of antibiotic pressure. It is also not possible to determine whether persistent carriage of a certain ARO was the result of chronic carriage of the same strain or represented intermittent carriage of different strains.
Limitations notwithstanding, the high prevalence of new acquisition of AROs in SNFs in our study suggests a growing need to develop more effective and targeted infection prevention protocols. Infection prevention strategies should also account for multisite colonization, both within the SNF and upon admission to acute care facilities. This study furthers our knowledge that acquisition of AROs in SNFs is common, particularly acquisition of CIP r GNB and MRSA. CIP r GNB are acquired rapidly and are more likely to persist after initial colonization. This adds to the growing concern that resistant GNB are a greater threat than MRSA and VRE. Further research into the epidemiology of specific resistant GNB, such as P. mirabilis and E. coli, is needed to investigate the factors that lead to persistent colonization. Infection prevention strategies in SNFs need to be adapted to prevent 
